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T-cell dysfunction and failure of immune control of HIV-1 UMAN IMMUNODEFICIENCY virus-1 (HIV-1) infection is characterized by functional defects of T cells replication. Indeed, on generation of T-cell clones an inin vitro, which are observed in early infection, even before crease in Th0 clones can be observed in HIV-infected indithe loss of peripheral blood CD4 / T cells. The fact that both viduals. 12, 13 The general conclusion from these data might CD4
/ and CD8 / T cells of HIV-infected individuals are be that there is a decrease in Th1-type cytokine production disturbed in their function 1, 2 in a stage of infection in which causing a disturbance of the balance between Th1 and Th2 the number of infected T cells is low 3 asks for a systemic responses, leading to a Th0-like cytokine profile. explanation for the observed T-cell dysfunction. One powerIn addition to the Th cytokines themselves, cytokines that ful mechanism of immune dysregulation is a disturbance of are responsible for polarization of Th-type responses, are of cytokine networks induced by persistent HIV infection.
interest. Disturbance of the production of these cytokines When T-cell dysfunction in HIV-infected individuals is studmight provide a systemic explanation for the changes in the ied in more detail, it is clear that functional properties ascytokine balance on HIV infection. IL-12 plays a critical cribed to Th1 cells are specifically disturbed. Proliferation role in Th1 cell differentiation. 14 It is a cytokine consisting of T cells in response to ligation of the T-cell receptor CD3 of two chains, p35 and p40, that is only biologically active complex is impaired 1,4-6 and interleukin-2 (IL-2) production in the heterodimeric p70 form. 15 The single p40 chain is is decreased. 2, 7 Furthermore, antigen-induced interferon-g secreted in excess over p70, but no biological function is (IFN-g) production 8 Here, we studied IL-12 p40 and p70 production in vitro the latter is not as laborious and requires only very little patient material. In all experiments cells were cultured for 20 from HIV-infected individuals. To avoid preactivation of monocytes, a whole blood culture system was used, which hours. IL-12 production was optimal after 16 hours and stayed at the same level for up to 48 hours (data not shown). We allows for rapid analysis of many samples. 21 Furthermore, we quantified IL-10 and PGE 2 in the same samples, to study determined the optimal concentration of SAC and LPS to induce IL-12 and IL-10 production in these cultures. Whole whether they might be responsible for altered IL-12 production in HIV infection.
blood from four HIV-infected individuals and three controls was stimulated with increasing concentrations of SAC and LPS, and IL-12 p40 and p70 as well as IL-10 production in
MATERIALS AND METHODS
the supernatant was measured. SAC was a poor inducer of Study population. PB from HIV-infected individuals enrolled in IL-10 as compared with LPS (Fig 1C) , whereas IL-12 p40
the Amsterdam cohort study on HIV infection in homosexual men and p70 were induced well ( Figs 1A and B) . The optimal was used. From all participants, absolute lymphocyte counts and concentration for IL-12 p70 production was 0.032%, whereas T-cell subset analyses were routinely determined by fluorescencep40 production had a less restricted range for optimal inducactivated cell sorting analysis using standard procedures. As controls, PBMC from non-HIV-infected healthy cohort participants was tion, ranging from 0.002% to 0.016%. LPS was a potent used. These controls belonged to the same risk-group as the HIVinducer of IL-12 p40 ( Fig 1D) and IL-10 (Fig 1F) , whereas infected cohort participants.
it was a poor inducer of IL-12 p70 (Fig 1E) . For IL-12 p40
Cell cultures. Blood obtained by venipuncture in the morning production, the highest production was achieved with LPS in sodium heparin-containing sterile blood collecting tubes (VT-100 concentrations ranging from 10 to 150 pg/mL, whereas IL-H tubes; Venoject, Terumo Europe N.V., Leuven, Belgium) was 10 increased with higher concentrations of LPS. immediately and continued to decrease over time until, at 8
Cultures were either stimulated or not stimulated with Neisseria hours, only 10% to 30% of the production after 1 hour was meningitides-derived lipopolysaccharide (LPS; kind gift from Dr J.
left (data not shown).
Poolman, RIVM, The Netherlands) or S aureus Cowan strain (SAC; HIV-infected individuals and control groups. To be able to scribed. 21 IL-12 p70 production was determined in an ELISA as described, 22 identical to the IL-12 p40 ELISA using p70-specific study both suboptimal and optimal stimulation conditions monoclonal antibody (MoAb) 20C2 as a coating antibody (kindly for all cytokines, we used 0.002%, 0.008%, and 0.032%
SAC-induced IL-12 production is decreased in HIV-in-
provided by Dr M. Gately, Hoffmann La Roche, Nutley, NJ). The SAC and 50, 1,250, and 5,000 pg/mL LPS for stimulation IL-6 ELISA was performed as described 21 using a modification of of the cultures. IL-12 p40 production was induced to about the procedure described by Helle et al. 23 IL-10 production was deterthe same extent by SAC and LPS in controls. In contrast, mined in an ELISA following the protocol described by Abrams 24 after stimulation with SAC we observed a significantly lower (Fig 2C) . LPS is a very poor inducer of used; correlations were tested for significance using the Spearman's IL-12 p70, and there was no difference between the two rank correlation test. Differences and correlations were considered groups ( Fig 2D) . IL-6 was induced more potently by LPS significant at P õ .05.
than by SAC, but, under both conditions, IL-6 production was similar in the HIV-infected individuals and in the control
RESULTS

group. SAC-induced IL-12 production decreases with progresAnalysis of cytokine production in whole blood cultures.
sion to disease. Thus, IL-12 p40 and p70 production on A whole blood culture system was used to assess monokine SAC stimulation at certain concentrations was decreased in production by blood cells essentially following procedures as HIV-infected individuals. We investigated whether this was previously described. 21 The cells were not processed by denrelated to the stage of infection of the patients as reflected sity gradient centrifugation; thus, the chances that the periphby the number of peripheral blood CD4 / T cells, a predictive eral blood monocytes were preactivated are as small as marker for progression to disease. IL-12 p40 and p70 producpossible. The IL-12 production in PBMCs is approximately 10-fold less than in that of whole blood cultures. 21 
CD4
/ T-cell number, implying that IL-12 production deindividuals and controls (Fig 4A) . High-level production of IL-10 was induced by LPS, which was not increased in HIVcreases with progression to disease (Fig 3A) . In addition, in the Amsterdam Cohort, T-cell reactivity in vitro to CD3 infected individuals. At the two lowest concentrations of LPS, IL-10 release was even significantly decreased in HIVMoAb is measured routinely, which is a progression marker independent of CD4 / T-cell counts. 25 There was a significant infected individuals (Fig 4B) . PGE 2 induced by SAC and LPS was produced to the same extent in HIV-infected indicorrelation of SAC-induced IL-12 production with T-cell reactivity (Fig 3B) . In Fig 3, this is shown for stimulation viduals and the control group (Figs 4C and D) . Thus, whereas SAC-induced IL-12 production is dewith 0.008% SAC, but IL-12 p40 and p70 production also correlated significantly with CD4 / T-cell number and reaccreased in HIV-infected individuals, PGE 2 and IL-10 production are normal. This suggests that there is no inverse relation tivity to CD3 MoAb on stimulation with 0.032% SAC (data not shown). One should note that, although correlations of between PGE 2 or IL-10 production with IL-12 p40 or p70 production in HIV-infected individuals. We calculated the CD4 / T-cell counts, T-cell reactivity, and IL-12 production are significant, the correlation coefficients are not very high.
correlation coefficients of IL-12 p40 or p70 production with PGE 2 or IL-10 production, and, indeed, no significant correDecreased SAC-induced IL-12 production is not associated with increased IL-10 or increased PGE 2 individuals equals that of controls. However, on stimulation gen for IL-12 p40. 26 However, alveolar macrophages from asymptomatically infected individuals produce increased with SAC, IL-12 p40 and p70 production is decreased in HIV-infected individuals, and this decrease in IL-12 producamounts of IL-12 p70 when stimulated with SAC, and decreased IL-12 secretion was only found in patients with action significantly correlates with decreased peripheral blood CD4 / T-cell number and T-cell reactivity to CD3 MoAb in quired immunodeficiency syndrome (AIDS). 27 Denis et al, 27 as well as Chougnet et al 20 who studied IL-12 and IL-10 vitro. However, IL-12 production was already lower in the patients with CD4
/ T-cell counts greater than 500/mL, which mRNA, proposed an important role for IL-10 in the downregulation of IL-12 production in HIV-infected individuals. suggests, as has been observed before, 16 that the IL-12 deficiency may be a relatively early phenomenon in HIV infecHowever, we found that IL-10 production does not relate to IL-12 production in HIV-infected individuals, which is in tion.
In addition, we found that IL-10 and PGE 2 production in agreement with Chehimi et al, 16 who reported that the decrease in IL-12 production in PBMCs from HIV-infected cultures from HIV-infected individuals is normal and does not relate to IL-12 production. The decreased IL-12 producindividuals, in their hands, is not accompanied by high IL-10 production. Although IL-10 is capable of downregulating tion in HIV-infected individuals was not caused by decreased numbers of monocytes present in the cultures or by a general IL-12 production and anti-IL-10 will upregulate IL-12 production, 18, 20 this occurs to the same extent in cultures from refractoriness in monocytes, because IL-6 could be induced to normal levels in cells from HIV-infected individuals by HIV-infected individuals and controls 16 ; therefore, there is no proof for a causal role of IL-10 in decreased IL-12 pro-SAC.
The decreased IL-12 p40 and p70 on SAC stimulation in duction in HIV infection in vitro or in vivo. The potent downregulation in vitro of IL-12 production whole blood cultures is in agreement with the data obtained in PBMCs with SAC stimulation by Chehimi et al. 16 A simiby PGE 2 21 was also proposed as a mechanism by which IL-12 production by monocytes from HIV-infected individuals lar finding was obtained after stimulation with T gondii anti-AID Blood 0034 / 5h2b$$$661 12-10-96 13:36:01 bldas WBS: Blood
For personal use only. on April 8, 2017. by guest www.bloodjournal.org From times as efficiently as in cultures stimulated with SAC. Endogenous IL-10 might be responsible for lower IL-12 p70 production in these cultures. Indeed, the addition of neutralizing IL-10 MoAb to LPS-stimulated cultures enhances IL-12 p70 production, whereas no effect of neutralizing IL-10 on p70 production was observed in SACstimulated cultures (van der Pouw Kraan et al, unpublished data).
Although SAC and LPS are equally efficient in inducing IL-12 p40 production, p40 production was only decreased in whole blood cultures from HIV-infected individuals stimulated with SAC. This suggests that SAC and LPS induce IL-12 production via a different mechanism, and only the pathway used by SAC is affected in HIV-infected individuals. LPS exclusively stimulates monocytes via the CD14 molecule. The mechanism by which SAC stimulates monocytes is not exactly known; however, because it is a crude bacterium preparation, it may well be possible that it also contains antigens that are able to stimulate T cells. 31 If so, IL-12 production in SAC-stimulated cultures might be more dependent on T-cell-derived factors such as IFN-g 17 or CD40L expression 32, 33 than that in LPS-stimulated cultures would be. T cells of HIV-infected individuals are impaired in IFN-g production 8 and CD40L expression (Brugnoni et al 34 and Wolthers et al, manuscript submitted). Thus, the possibility that decreased IL-12 production in HIV infection, in fact, is secondary, reflecting a defect in CD4 / T cells, cannot be ruled out. However, this defect in Th1 function of T cells could still reflect an IL-12 defect in vivo. HIV vitro, IL-12 has been proposed as an immunotherapeutic agent in HIV infection. Indeed, IL-12 is capable of enhancing proliferation of T cells from HIV-1 -infected is suppressed, 21,28 although, so far, no experimental data on individuals in response to influenza, HIV-1 peptides, 36, 37 this have been published. Our data argue against a direct role Mycobacterium avium, 38, 39 and polyclonal T-cell stimulafor PGE 2 in downregulating IL-12 production. This might be tors. 39 Furthermore, IFN-g production in response to sevbecause of the fact that optimal PGE 2 levels are reached eral T-cell stimulators in vitro is enhanced on IL-12 addiaround the moment of optimal IL-12 production and are too tion, 36, 39, 40 and cloning T cells from HIV-1 -infected late to inhibit IL-12 production. 29 However, because IL-12 individuals in the presence of IL-12 results in an increased and PGE 2 have opposing roles in the development of Th1 outgrowth of IFN-g -producing cells. 41 It should be noted cells, 29 preserved PGE 2 production in the presence of dethat, in most publications, it was reported that proliferation creased IL-12 production may be instrumental in shifting the and IFN-g release by T cells from non-HIV -infected concytokine balance away from Th1 cell development in HIVtrols is also enhanced by IL-12. 38, 39 The enhanced outinfected individuals. Furthermore, increased PGE 2 concengrowth of IFN-g -producing T cells in the presence of ILtrations have been reported in serum from AIDS patients, 30 12 is also observed when T cells from noninfected controls which might imply a role for PGE 2 in downregulating ILare used. [41] [42] [43] [44] This suggests that lack of IL-12 is not the 12 production in vivo.
only factor responsible for decreased Th1 function in HIV Although SAC and LPS are capable of inducing infection but, at least in vitro, enhances Th1-mediated p40 production to the same extent, SAC is more potent responses, which is also observable in normal individuals. in inducing IL-12 p70 production in this system. This is However, it can be anticipated that IL-12 treatment will probably related to the finding that, in whole blood culsupport Th1 cellular immune responses in HIV-infected individuals to a certain extent. tures stimulated with LPS, IL-10 is induced up to seven AID Blood 0034 / 5h2b$$$661 12-10-96 13:36:01 bldas WBS: Blood
